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(54) eBK»«ig«a^(3K 



(57) [®»] 

B I ST$-f ZfOLS I , ?M> 
hl3tt&C*0>E]BlzHU x-SEte&^O^SHKO 

&I3:A\ iSKKcoa^b^ LS I «0l§]ttRt|-lft<D 

— K6 ****** • A*2±O*£tttg0>5 f 

tfitS^- h 6 £tt Ltf-* BEffiS 4 ^gfc^HJ *' 
*L*»l=tt* *(DX**> w<X2l::»JST6X**> 




jD-T 



V 



(2) 



ttM¥8 - 15 3 8 2 



Bft»BB*gSRtt-t'<<. Rrt«HB±i::*tf>8rt 

- * * Eta l r ftnw 4 > em £ b*s^*£ £ a 

ttK«ttiE^ & BB-C ft -a T . 

*x*«v> • /^x^x-* £4x5 4x*-v> • -f > • 

ta>B3MtjitfTtt^ Bay- k*x*^> • /Uii: 

X** > ■ /<X±fD*5itt«S(Z>x-* A«ttBBy- h * 
*LTBt-*E«8^K*U**i4BI::Hu £Kx* 

• Axizttjcr 4x**> • • tf^^bKBs 
y-^aAax-***. SB*SttB©T-**BB 
ay- h i= *> i*-c v x ^ -r 4 b * *t 4 c * 

i:*4* gBRB8ffe*fi&*i!BBo 

tttBfc-T*. B«4llEtta>iBttBBBBi&^BB 

Bo 

ti^ Bn»A*e>a^&a)««ffl#tttBay-M= 

BMBBBafeMHt:*. Bn»A*tr>3b^©«B«# 
tX*^>Bft«l(=«y«5L4Ctlzj:y % &X**> 

iiB*g 2 i^eaa s ERKaffiig^^isiBo 

4 ] KrtSPBB^taffl^b+lcBx-^ EISS 
^©$n?$B»©A**8±*-*8Jt¥B**<i:;lfc 

c££fta£f4. B»ai«fcamta2icBBa>a 

BRBBBfl&*&HB. 

&fcaBB£SBRB-r'<<. ttRttls)B±£¥ti>lME 

£*lT^4#»<Z)X**V • /^XO-t-^L^tLlC^il-S^ 

X h ■ /<9->«£±r4/<$->££S«S*&A/£ 

a aRB«B8a*9BB-e fc^ts 

#x*v> • /<xl=»-r*x**>BftiB/^->B 
±8 1 JBl*fc S BR&Ktt i OflBtfir* 5 * < «BB 



ttn»A*tf>A^&a)«B«*lz(KCT. &x**:/. 
*f e>AMba)A*T—>i:. B/<*->B±8A*& 

• /<X^HJ;*]-f 4-feL^$££X**> • /<XS 

B«0)iBttBBftnictt* ttn»A*tf>^&a>«B 
8*1= * y B-fe * *B/<* - >B£BBI=tt y B 

X, 

B'<*->»±8*6*X**> - /<x-v*;L&*i,4t 
X h • /^-vcD-BteB^BfcBjE^BIctt. B 
^»A* >**&fl>tt88*l:: J: y B* U£ $ £RX* 

^>--f>- e>8i-«yBit. Bx*v>--f>- tr 

>*&ft»a>ttl=B56 Lfcir-$ £&X** > • /<X^ 
ISBB, 

[»*«6] fcx**> • /^X^Ox-^fc&KBL 

T, #X*Y> • -f > • tr>A^&a>A*-T"**5*tfB 

n«A*e^o«B8*t8t?T-*»a/<*-> 

£a8B££BlvtG££*i«;:i:£ft*4:'r4. B* 
g 5 IBtt(D 3 BttBBffi&&*§!!{H)Bo 
[B*87] Hr£«B£XferA«HK*t&*.4J: 

Bfl3BB£aBRB*'<<. BnftBB±K¥fc»ft 

**trtV4«»<Dx^-v> - /<x^-€-4t^iw#ii^^ 
Xh-/<*->*B*-r6/<*->B*»fc % Kf*3»B 
B±lr^^^$nr^4tt»(DX+^> • 7<x«4if 
b O m * $ £ Ett L r »»rr 4 -Sr Efi§8 k 

&X**> • /<x(=»-T6x*WBfti:B/<*->B 
£B«J:i;tt7-«EB8«ffl^fe8BRmkff^:a)« 
Btfr*5^««IB8»tA*'r4»8A*e>t*«: 

7L&kk$,\z^ 

*X^-v> • /U^f-^^x^X^v> • -f > • 

*X+-v> • AXA^btDtiB*^-^^:. 
XI^JS-r^KX^r^> • *r> • e>A^60)A»T--* 
B^«AAtf>^6(0«IB8-9i:a)BaB8«fT« 

5Bay-h^. 

Bn»A*t;>^6a>«iB8*i3abr. *x^-v>- 

0^X h • /<*->fc<Dt^#l^-**«y««.TftX 
^•v> • /^X^db*-T4-bU^^i:*X+-v> • /^X^ 

B8a>eBRKBf^Blctt % BM«A«e>^&a>«B 

m^(c J: y B-b U * * t B/<* - >*^8fi!llz«l y « 

■B/<*->«±8*6#X*^> - /U^K.b^i^f 
X h • /<*->0)-»tffBa)8lz8jE'r4BI=l*, B 
HSPA^tf >A^b(D^]«8^lCj: yB« ^ $SX^r 
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6 KO>fl lc»3E L t- $ * *x * > • / <x ^ 
X**> • /<x±(&*£#«8a>7 ; -$*<&tftsy-h£ 

"*Ltl*f-*EM^B*Bli*i*W:lt, *SttX* 

[RjRJie] /<xfrb<&T-*ttdii::JB 
^ISt-r^s H*4l7lBlta)iBKBtaill«&^SIsl 

Bo 

[»*3K9] *X**V • /<X^(D^-**&lzB&L 

tamwLb*mi*TKm*tiiztttmkt&* or* 

[MMM 1 1 J: tfKT-*E* 

«^£fc&X**> ■ ^x->*/^-»jf y • X*-*> 
fl(D1 fx->tLTiiU ^l£X*-V> • fx-> 

* <&» # 3 - k t l r * tf>$i y a x & *ir c t £ « 

[0001] (i*) 
tt*0)ftffi (01 7, 01 8) 
RB***-r4fc«>©¥« (01-03) 

ftJB (01-03) 
SIM (04-01 6) 

[0 0 0 2] 



[0 0 0 3] 

[tt^oftffi] -ttiw, ls i s?(Diaig&a)8iii*a£tt 

tot. *<Dttia£*!ftfiI (jE«»ft<Diti* : M/ttK 
h • /<*-><&ftj£*<ait£fcy. fx h • 

[0004] Mxtf. 01 71*. ttft (0*3*) <7>X 
4^>/U^t *HMMtX**>0* {LS I ) £ 
^•rta>-e, ccd0i hz#i\t % i ooiax**>tai 
8, 101 itm&mtezxtz+toBm8 t £mm+'<<x 

**>ls]Bl 0 0±lzE«*H^lslB«fiE®*-C«^B 
yVVJ- ?0*J-J (FF) X?&£> 0 £t=. 1 02A- 
1 0 2 Cl*X**> • /<XVs • /<X1 O 2 

A-1 0 2 CI*. X**>0Bl 0 0±l=¥«>tHlk (0 
+ 3*) »J***U 4Mt0>7'J?:7- 70*^1 0 1 $ 

^x->ttizit«rsta)'efcSo 

[0 0 0 5] *LX. X**>1slBl OOlCl*. &x* 
«V> • /*X 1 0 2 A — 1 0 2 C^fX hfflOf-^ (t" 

x h • » £-§-a.4fc«6(Dx**> • -f > • tf> 

(S I bf» 1 03A-1 03Ci:, ftX4r-V> • ><X 

i 02 A-i o 2-c**&ottft7— 9£ikyttrfe&a' 

X4r-V> • 7"> h • tf > (SOtfV) 1 0 4 A-1 04 

^l#£A*f *X + ^> • $Uv5 ' tf> (SCKe 
» 1 0 5<tA<n»A*tf>i: LTSltb^T^^o 
[0 0 0 6] ^X^>«AX1 0 2 A-1 0 2 COM 
^tt-F^, S I tf>1 0 3 A-1 03C S fc«fc 
tf. SOtf>1 04A-1 04Cl^«$*Lr^S o $ 
fc. SCKtfVI 0 5A^f)A**^^^a*>^^i#(± H 
X^-V^lslBl OO±fl)±tC07Uv^- 707^1 0 
1 (D^P^^a^l^A^^tlSi^lC^or^-So X^r 
■V>l(lft^|r!i % ftX4t>'V<X1 0 2 A-1 0 2C 

±«)7y^^' 7p^/^i oii**>7hi/^(tLt 

KlftL. SCKfcf>1 0 S^C,£D^{l^£-§.x.&C 
tl3*y. S-S I tf>1 03 A-1 0 3 C|--£ilb*t*: 
fil*^ JHA % #X+-V>'/U1 0 2 A-1 0 2C±(D 
yny?\ 0 1^i/7h - -T>**lTt^ 
<o ftSOtf>1 04A-1 04CIZI*. 

#X + -V>"/<X1 0 2 A-1 0 2C±O^'J^^- V 
P'^101 OmtK X^rV> - h$tLTt> 

[0 0 0 7] C©«*:5{:LtafXh1elS (LS I ) (0 

H»bfx h . /<*->*ffiirt-*K«*«icjtax.. 

iS^. B I ST (Bui It In Self Test) t^B+i^lfl^ 

b i sT^^^(o®B-ei*. fliitfLs i 
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— CLFSR(Lenear Feedback Shift Registe 

CM I S R (Multiple-Input Signature Register) 

[0 0 0 8] B 1 STZm^tzUtoVlt. 
«-e&£**t&T* h • /<*->*<BtX hlslB (L S 

%V&t$.£tl$>o t-' >#*f»t LTI*. M I SRAtffi 
ffi£*l&*£*<£<* ttl 7*^* (Signatur 

e)t LTM I SRKEffiLTftW-r&CD-e. x-^ttflr 

-< 5"M»i:ltM l SRjW£8£*i&C<!:£tiI»±:L 

[0009] 01 81*. 4Mk (0*3*) a>x*-v>/< 
XS*-r6-«WftB I ST$-f ?0>[s]B (LSI) * 

^-Tto-e. ca>0i sicfeivt. i i oi*bi st^ 
-f^OBBlf, Hi 7l=3FLfc*i«>i:0«l=, *a>BB 

B«W«*4:LT©7'J??- (FF) 101 

«\ a»0>7U9?* 7P7?101 **x->*l=« 
*+**9l=*«!>©***ifctt* (3*) 0>X**>- 
/U1 02A-1 0 2 C*<ES*HTL^^ 0 
[0 0 10] 1 1 1 > • /<X 1 0 2 A 

- 1 o 2 cciAa-r&^x k • /<^->t«^-r« L F 

SR ♦ 1 1 2I*&X**>-/<X1 

0 2 A- 1 0 2 C^6(Dtt*T— * £Et6LTfctt-r £ 

m i sr (x-SEfSSS) ::-e, lfsr i 

1 1 *>«fctfM i sri i 2i*. i*irt\tmti>tomm%\? 

J***iTL** (»»©BI5~BI7M!) o 
[0 0 1 1 ] hUi?X^I*SCKe>1 0 

Tl** 0 *t=* 018*. 1 0 3 I* L F S R 1 1 1 Clffi 
l£$;K&X**> ■ -<> • tf> (S I e>) . 1041* 

mi sri i 2\zmm£ti&x**> • h ■ tr> 

(SOtfV) T'fcSo ^b(C s 01 7IZ7fL*:X**> 
BflH OOi: RBlc* #7U*;?'7D7?1010* 
□ V^fflT-lCl*. SCKe>1 0 5^6©>P*^j|# 

[0012] ^LT, SBKIMMEftlwIi* LFSR1 

1 1 ft<Bftl&ak£K£U 0 2A~ 

i 0 2C±a>7'j^^- 707^101 & 

X^tV'/^l 02A~1 O 2C±0)7 l J V? - 7P 
V?1 0 1 I*v7 hUvX$£ LTKttL. SCKtf> 

> • /<X 1 0 2 A ~ 1 02C ic^-it bftfcfiltf. JHft* 



[0 0 1 3] flfc^&K. *X + t>.- ><X1 02A- 
1 0 2 C±(07'J • 7P^?1 0 1 (OfilA^ JOtik* 
*>7 h ■ 7^ K^ftT. M I SR 1 1 2IZE«S*Hr<* 

B**vci*<. ftttiz. mi sri i 2izElB-»irt* 

CfcfcJ:y* Bflf(LSl) 11 OOTAflStfrft-D 

[0 0 1 4] m±CDct5<CB I S T $ -< ?<DHB 1 1 0 
UifeMtftSBKIMftfEf** -OHM 1 0|c$ny$fflHI* 

(LFSR111, M I S R 1 1 2 ») TfffttetU * 
'hffi<Dtif« (M I SRI 1 2U:»«$jK*:t-$) 

I*. &T(D<fc5fc*]&*<*£o 
[0 0 15] 0/W->«MtlTLFSR^*»» 

ar**B*«<n^fc*!). ls 1 oKttxK«MM-r«c 

[0 0 16] *S&LS I 1^1*. 01 7(Z^-Tct5^X 

ftbfl&dirj^b. 01 81^^-^^ I ST|5]B£ 

ffifflt&LSI^Xtt^o 
[00 17] 

mm<&7kL±ok+z>mffl L*Ltt#&. b i s 

5*fi#*4. 3ft. LS I <D»KO{iffittl*. -Mr* 
(%) i: LT Cfcfcfcfc»] / Ct£tt»«] xi OOT? 
Jt££;K4o M*fttt©*ljei=l*BTX hLS I CD^E-r 
il/tfX h • ^IL>t&Bv H a U- i/ 3 > 

*ffft9«W«*6. B I STO/^->H« 

-*fiWlraevSiU-i/a>(3l*^!-^|H!3ti< 
*^y. B l STT?»to-r**3ft«*/<*->tH« 

[0 0 18] *fc, B I ST(Dx-^E««(Cl*-«a<I 
ICM I SRtfffll*&*lftft<« M I SRl*»teMBSjfQy 
- b £ it L t= y 4 - K / *y <? « # 0) i/ 7 h 1/ X * "C 91 

^^H^fctt (ttBansMa) . -b-c*^s*bo) 

"T—Ztf. ZOkoKM I SRlfO^f— ^SBWZIfty 
^^♦l^t. C(DM I SRrlO)Effi*nfciTa)f-^ 
(v? hUi?X» *^e««|c4or-L*LV M I S 

r i^Ete^ *tfcx-: 51 $B^m*r - <b ^ 

[0019] ls 1 <Drt&fBffi«Tl*B&S:A 

^lcl*^Fg«®"Cfc-60-e. B I ST*ffft31»toM" 



(5) 
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rtWiettfc^ttW* y -tz v h Lfc y >r * c t 

lz*y. ^SttttTI*^^^«t^{llitft5£L^lt*ili<t 
[0 0 2 0] £tr* x-*Et8*8. mzM\ SRUZO 

©wstMfL-cjsy. rt»Bii**«>*o«ft/<*-> 

mi sR«>iw**=5«f*aM«*y* Bammi:: 
ft 6. 

[002 1 ] £bCl, -«Wftfx^f-^ii, ttffc 

-5n*#«i=»*ft*.o>i=ft« («x.tf*aa>iB9 f ta 

1 3#HS) o :<il:»Lt, B l ST^ffll^fA h • 

*PB«a>^B36**t*t£ltft©"C (MxIftftifcaBl 
0, 01 4»B) % *t*fc*3i(DE^TX*8«^0x 

watfcay* b i sT^ffli^nh • 

x-*l4iR.fflttl=*l*. *fia»K»*»4fci6lztt« 
[0 0 2 2] ^fc. LS I fro«fX hfUB±(D«S(7) 

0><fc 5 «tO>ne 6 frfc 5 C 14* RlfTC fe&fci: CDS 
[00 23] C<D*?ftKHl::C*flS£4i 

fctco-e. x-^Eiaw^sttiBo-T-^A^ya* 
Hfcya«ft+i=T-*Eii»©rt*3wa«*#ifcy'r 

l=*r*B*\ X*V>att«fcB I ST Hit 
OOtt/SfcWfiiKLT. gBKtt<Da*4b*>« LSI HO 

fc a BttMttB«a*fi hb e «w SCfcSBftfc-T 
*. 

[0024] 

[«■ *«*r ■ 1 I4tt 1 O)«n0IS8' 

frtBSB-e. zartttBBi StatSR-r^. Mb 
BBi±I=l4. «»0)X*t>*/U2Wi(>»***i 

Zttblz* 2 frbOajax-^E 



[00 2 5] ^fc, 5I4#X^V> • /<X2^"T— 

mztuxbtitzmmv-tev* ft»sy-h6i4, 
/<x2ic^jtr*x^-v> • ■<> ■ tfvs^bOA^T 
*wei4. >-/U2 ±a>*ett«a>7 ff -* tftt 

14, -t<D7.^r«V> • /<X2C:*t£-f • •<> ■ 

tf>5^b»gy-S6^0AaT-*#. 

[0026] • /<X2*Mt>(7)T— £K 

■UWBLT. • >f > • e>5^bfl)A*f- 

^*^f- £W®'<*-:/*jEK 

Tt-fcl* <H*«2) o *.fc. X**>-/<X2|C#f 

sx+v^afttT-^ffiiBAtw^fcaBKiiaff 

7 ^ b <BtfJ«A*l£X* Y >Bft«=ffl y R c £ \z 
cfcy. • /U2*^f- $E*B&4'MDfcti2j 

t— **R«y- h6lZfct^TTX^ LTt *t^L <R 
*S3) , rt»BBi0«DMftrtM3T?-*ER»4'v© 
£ o ^ A # (D A * £8 it -T ^ » ± ^ © * * ft a. T 

[0 0 2 7] @2l4^2 0>«W(Dl©31^a^^H-C % Z 

(DB2(cei%r,-«r»tH«. i unsBB. 214'x* 

3l4rt»BBl±lc«*.a*3Kfc/< 
- /<X2(r^^^-rX h • — >£^-T^t<DT?fc 

/<*->«*«3 £ffli^eBaKa^ta)tt«£fTft 
«i»A#£A*r tr > 7 * &*i 

[0 0 2 8] -C"C. X^^>--T>. tf>5!4. 

*8tt. #H»A*tf>7a^60«||ftA*=*i:r. &x 

^«3A>bO ; rX h •/^-^fcaivfjfcJ&w-AfcWy 
Mt4X^rV> ' AX2^l±l*-r^ti(0T*&^o -tU 
H2CD^W^I4. il«(0SB|iKaft^lCl4, ^ 

> • /<X2^b^lSfX h • >a)-S£^E 
<D«l=»jE-r*IBlCtt. ttSA*tf:/7^b(WJ0»A^ 
tr<fcy*U^^8£X^r-Vl/- tf>5»C«y|ft 
X. e> 5 ^bfc&<DfSKi££Lt=x 



(6) 
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5) . 

[00 2 9] • v<X2^(D J f-5»»a 

|*KLT. fcX*Y> • -f > ■ tf^S^btDAAx-* 
£ <fc UW« A 1) tf > 7 ^0>tfj»«*l £ £ fe T- * < 

6) o 0 3l4*3(Oft^a)liSS^n^^SI-C?s d CD El 3 
y, BB&HttL ittrtBHB* 2 lix** > • /<X. 

[0030] -t LT. BttaaBRBRftiftl::!** 
&X**> ■ /<X2^4a.b*vi> J f X h • — ><D- 

y*u^^ 8£x**> • ■<> • t?:>5« 

S Lfc^-$ SftX^rV > • /<X 2 ^4xT»#&tV 
[003 1] -* % X**:> • ><X2±0*£#l8<Dx 

JM(HW- h6£frLTT-$ Etta 4 ^R*ai * 
*i*Bi::tt, *(DX*v> • /<*2l::2*j£-r&X**> 

0>*Stt«80>x-$ h 6 |c jsor^x* f Z> 

ffi(csS^*H5o 2bl^ ABBB1 (DttUHb*. 

a* t? > 7 *v&fl)«isiBftx*^ y 

^C^llcty. £X**>-/*X2^b ; r-$Etta4 
#JS7) o 

[0032] &X**> • /<X 2*^(7)^— 

dllcBUTs -f > " tf>5^b<0A2)T— 

H»0)/<*«>-Cil* 
r*»*l::hfc SJBlvcEBL 

^taCBtt, &X*Y>- *f >• tf>5frP>0A*J 
7 s -* i3«fclW»Aa e>7 ^©«»«*t*t?x-* 

*o>t<*->tmm&t£m^x&i&LTb&i* (r* 

[0 0 3 3] Ztz. rtWElttl 0>afflfc*l=T-*EIB 

a 4 ^<d* □ ? * m^<o kii i m±t &m±*& £ * * 

*.T*,<fcl* (Httfll 0) o * 61=. /<>->J6±B3 
j3J:tfx— £Etta4^bfc&X*V> • ^x->£/* 

X**> ■ ^x->CDi/7 h ■ -f >/>^ h ■ KB 



[0034] 

[ftffl] ±£Lfc* 1 0)«n<OSBRK«lfleil§3&^&!lBl 
B-Ctt, ^»A*e>7COtt1!a{t^3SSR£-r«)Ci:lr 
«ty. x**> w<X2*&*5^BO>ir-**<R*a 
4*i**Sf::. *a>*s*Ba>x-**ttay--h6-c 
TX^icfctf-e*. x-frEtMMKfclt^EISx 

[0035] ft*5 % *^>-/U2^b(Df-^R 

l=. *ffll**Cfcl::«fcy % 3> 

A* H=B*"C** (R««2) o *fc, nWA^3tf> 
7*&©WR«#«RBy-h6|z*;U ABBBid 

fcit*i*i»Btt«**a>teMfc*, *v»Aae>7^b 
<7><ajfe«-«i£x** >B«ai::ffl y^x^c^i^cty. 

&X**> ■ /U2^bf- £ Etta 4^(7)11521^— * 
*<tt&y-K6(::fclxT7X$£*u -r-*Etta4(7) 

«HHRt«i»"r4-f!:A*prRic«ty* nniaiBioan' 

-6 (R*H3) o 

[0036] *bt^. Mm»MDiBmitwz % m±^ 
mz± y T-^Eiss4^a)^ □ **«*a>A**Rjt 

^O^teihT*^* (R*«4) o ±aLfc«2<D«W<7) 
fiaRtt«tfttt&*£BB7li. ^»A*tf>7A^b^D 
y-bl/*>8 i 3 y 

»;LT*>< CtlZcfcy. eSRKli^A<5lft$tt^A<. 

icty-feu** 8 tx*^> - -f > • e>5fl3iw«jym 

K.. X^r-V> ■ > " tr>5A^bff«<7)^i^SS Lfc7 ^ 
—S'^&X^A'V ■ /<X2^*Ttf£&t;-£lr«fco 
T. /^->^S&3A^b«-X^V> ■ /<X2^#ilb 

H5fX h • / W-rV^-BtttSOBlcBjE-rSci: 

[00 3 7] ft*. S-X+^> • /te2^fl)f-! 

1^. *©/<*->i:aBRfc*Bt%*Ci:lzJ:y, a> 
/^H=ESfi-C** (R*®6) o ±BLfeB3 0>BB 
oeBRRttfttt&A'SIUB'ei** n«A*e>7A^& 
©«««#f=J:y-bU*# 8 */<*->B*B3«|z« 
y»iirfc<CA:lc*y. €BRRnff#BfrS*i« 
*^ c©eBRBBft+|c, ^WA*tf>7 3^l^b<D«ISi 

ti#ic<ty-bu^^ 8$x+v> • • tf>sm\z® 
yftx.. X^-v> - • tr>5AvbftE<DfSl::&gL 
fcx-^S^X^rVV • /<X2^xT#^at;Ci:^ 



(7) 



WMVB- 15382 



[0038] eBt*iftttft<t>. x^^>.-r>- 

t- $rEm»4|zfclt^,EtSx-^^£fllc/j: 

^»A*tr>7^b(D«i*«^* 

X#*>BMMW=«y!**ft£i:lw*y, ftX^rVV- 
1-4£**<RMftfc«i:y. !*J«EIBl ©aJBfc*IZT-* 

E*«4fl!)rt»)b««a**i-so*i»±T?*6 (H«a 

7) o 

[0 0 3 9] fcfc, fcX**> • /<X2j^t>0)x-$a 
fflflfc&CD/^-^&X^YV • /U2^f-^t 

ic. *©/<*->fca««fc*m*ftcfcfcj:y % □> 

HzEST*?** (»#JS8, 9) . ftffllDB 
l©tt«Mb+l^ «±*«(=«fcy-r— >EI6»4-xfl!>ir 
Uy$ il§fl)A* £«± Ltf-^ EMS 4 -v(D£ p v 

4(D|*5§£gjre£* fcWElBl ©tDJHfc^lc^-^E 
0) . 

[0 0 4 0] £bf^ /<^ — >ft£«3feJ:i;7-^E 
*&«4^ibfc&X**> • xx->^/^>^fiJ - 

*y. • x*<v>;*5t£ffffi-f & 

BBl:«flt*ct*t?*S (Blttli i) o 

[00 4 1] 

sur. i oi**siJi«a)i2jB (Wxtf ls i ) . i i 

fey* CCOflSSIalBi itt. *K0BB*JK«L fl*. 

tf7'J^-7n7^(FF) l=J:y*rt**lTl*S. 

[0042] *lt. ctowspinBi i seeae-t^ 
<. bbi o±ictt. «s (h+i?i*3*) g>x**> 

•/U12A-1 2C3b<xto^^4x. &X**>-y* 
XI 2A~1 201*. «& (®^T?l*5ffl) 

• 7P^1 0 1 S^i-VttlCftgl-j-itflD-Cfc*. 
$fc. BBl 01=1*. ^X^rV> ■ /<X1 2A-1 2C 

(7)X4rY> • -f> ' tf> (S I tf» 15A-15B 
^4t>'/^1 2A-1 2C*^0a3*x— 
*»y ft+tzlbOX**^ • 7«» • e> (SOtf» 



i 9A-1 9Ct, lUBl O*WlftZi£Z>tz#>0)<?ny 

m&mxiit&x**^ - ^av^-tf^(scKtr 

» 2 0i:*^WA^e>i:LT»tte > ti-&<$3!i\ fcx 
*-V>-/^X1 2A~1 2C\zit+&x*4r^tottt£ 
BRtt (B I ST) IME£a>a&&lTtt?^<«aA« 
£A**t&BE (BIST Enable) e>1 7rt<*ffflA2)fcf> 
i:LTlftltb*lTl*£>o fcfc, S C K tT> 2 0 j&v&A* 
£*I&^P^ii^l*. BBl 0±<0±T(07 , J^^- 
0 i ©*av^j|*|=A*4*i**3(cfto 

[0 0 4 3] 2*>lZ % 1 3l*BBl 0±(=«^3&*«l«> 
X*V>-/<X1 2A-1 2C\zXtit *TXh 
->^4nLFSR 1 4 it-EI 

Bl 0±|Z|S^*tl#X^rV> ' /<X1 2 A-1 2C 

^t,o>ai^x-^*EttLr«tt-r^M I SR <T~$ 

EttS) t?fc*o CCtf, LFSR1 3fc«fctfM I SR 
1 41*. *hf*iB6, El5lz^-r<fc5lz. fcftcDSHfe 
M&Jlft (XOR) ^-F2 1 **Lfc7-f-K/<y$ 
#§(Da»Ov7 hl/v^2 2"C«|***iT^*. * 
LT. *v7 hUvX$ 2 2f*SCKtf>2 Oj^bO^ 

o^^a^ic.tyi/^ m#+-5*oi=ttoTL^. * 

fc. 04(r^r*fcai^ LFSR1 3 |C|*X4- V > • <f 
tf> (S I tf» 1 5#B»*#i*fc*tp|:: % M I 
SR1 4|CttX^r-V> • 7^ h • tf> (SOtf» 19 

[0044] H4, H5lC^-TJ:5lr. #X 

+ t > ' 1 2 A - 1 2 C^aJMKD^-f >lt SO 
fcfVI 9A~1 9ClZ&m2ti%>tt&\Z^ **l«iA. 
NOy-h (Biy-h) 16A-16C^LtMI 
SRI 4(Cfclf^«-XORy- K2 1 IC««*tlTt^ 
*o SANOy- hi 6A~1 6Cli % «-X^rV> ■ 
XI 2 A~1 2 0^^(0^*^-^^:. *X + V> • 
XI 2A-1 2CIC^JC'T^S I fcf>1 5A-1 5C3!l^ 
?>fl)A*f-^t, BEtf>1 7A^t>0«)»<i^ CX# 

.^>*ft»r=*7 "o w tftya i STBMi:t> 

ttS LTM I SRI 4Kfclt&&XOR<5f- K2 1 ^ffi^I 
[0045] ®4 ( 06|r^-rcfc5l^ #X^rV 

> ■ ^x 1 2 a- i 2 c<DA*ifi!ia)7-r >i*. 

Hi U<7 ^ 1 8A~1 8C^LTS I e>1 5A-1 5 
C^LFSRI 3t(Z»tS**lTU-5 0 «-fel/$$M 8 

A-iscii, BEtf >i 7j^6a>wMMB*zjei:-c» 

&S I tf>1 5 A~1 5C^f,a)A*f-$i, L FS 

r i 3^bO)fx k • /^->ta>i^*f^-**«iy 

ftit^t>-/Ul 2A-1 2 0^^^^-5*105 
T?&5o OflJ, #tb^^18A-1 8Cli. Bee 
>1 7^P,CD«Jftm^-|r<fcyX^V>K^A^W*^T 
t^ii^l^liS-S I tf>1 5A-1 5C^b(DA^]f- 

^s^x^-v> • 2A-1 2c^tb*-rs— * % 



(8) 



8 - 1 5 3 8 2 



BEtT>1 7frt>OV)mtemz±i)B I ST 
**lTl****l;:ttL FSR 1 3^b0)^X h 
>£fcX**> 2 A~1 2C^tli^*f -StOJ-e 

[0 0 4 6] ±ftO>mmz*V. *»lKfla>gBttil« 
ftlB&*fi!lalBl*li» BEtf>17^ftilf{t7 
"0" ir*Z£|:iJ;y. ft-trU?* 1 8 A~1 8Cli 

fts i e>i 5a~i scmizwmmihtkt 

\Z % # A N D *f — h 1 6A-16C^bMISR14^ 

©a*!* "o" lzBE**u SKI oo)fcx*"V> ■ 

2CT?li7.4rV>»^*^^t)tli>Ci:IZ 

[0 0 4 7] 0*U. #X*-V> 
2A-1 2C±07U7?' 7P7?10 1I* 
•>7H/i/X*tLTMU SCKtf>2 OjtOb^Q 

Cl=#x.&4ifcft*<« 1 8A-1 8C^L 

r. UK*. #x*v:/ • /<xi 2A-1 2c±0)X.a>y 
7D7^i o i h • -f >**iti*<. £ 

fcBB*l=, #SOe>1 9A-1 9ClZ|i* 
•/<X1 2A-1 2C±07«J 7P-;^101© 

[0048] B E tf > 1 7^(DtfJ&<g#£;*-> 

"1 " t?Z>Zk\Z£V. *-feU$*1 8A~1 8CI± 

LFSR1 3«|lz«y»«.6*i4i:i:tfc #andV 

-hi 6A-1 6C^bM I SRI 4^0tH*tt, #X 
^>-/^1 2A-1 2Cj^b<Z)tii;*] J f— &X 

**>-/<xi 2a~i 2cir»e-r«s i e>i sa 

0)&X**:/ • /U1 2A-1 2CV\tB I STHfttf 

[0 0 4 9] -3*y. B I STM*Cli % LFSR1 
3tf«MMLft«g£U #X+t>-/ttl 2A~1 2 
G±0>'? l )y? - 7P^1 O 1 l=#5t&4l. #X*-V 
2A-1 2C±0)?*J • 7Pv?1 0 1 
tt$/7 hL/^X$£ LTKttU SCKt>20^^ 
PV^«#**x6Ci:lwJ:y. *X^>-/U1 2 
A~1 2C\Z*mt>tltcm<. 8A-18 
C^Lrii^ SWJv?- 7Q^^1 0 1^>7 

[0 0 5 0] *fcBB#|::* «-X**>-/<X1 2A-1 
2C107U7?' 7Py?1 0 1 (Offi 

h • Tt? K£*lT* #ANDf-h1 6 
A~1 6CfC£yft-X**> ■ /U1 2A~1 2 Clot* 
Jfc-T&S I tf>1 5A-1 5C^t»(0A*^-^i:Oti 
*<DMII|j^ MISR14IIE 
• **ir«rt**#lTt^<. ftftlC« MISR1 4lCEffi 

*y. BB(LSI) 1 0<D=Ffifl£AtfTftfen*J:5 
leftoTI**. 



[005 1 ] 1S(DATPQ (Automatic Te 

st Pattern Generat ion: SI&t- A h/<£ — "C 
I*, ±T(7>WWIBtt^tD^<fc-r^^©l*/j:ixfcy). &X 
2A-1 2 CA>^a)dl*T— ^(c^F^tt 
■ft<atl£t|£ft<&&. M I SRI Alt. \%S\Z7fi+& 
0\Z^ 7-f - K/<7^«*fl)i/7 > Ui?A J 2 2 
**U + 2A~1 2 CfrbCDfcbJlx- 

^*XORy-h2 1 £«LTM I SR 1 4^(7)i/^ h 
U^X*2 2I=EI8LT0<1&<* ±fcfl)J: : 3l::*X** 
>• /U1 2A-1 2C*&a>ttJ*T-5M::*Sttttjb< 
»*ifc«*. xoy-K2ltfMi*i4fc«> % 
Iffittf O^ti/7 hU^X^ 2 2|:my^ti, £b 

UvX* 2 2A<*£tt*8l::fc&fc* iT(^v7hl/yX 
$ 2 2A«^gttmziS:oTL*3, 
[0 0 5 2] *ZVs *SMfc«T?l*. B I ST»ftB# 
\Z % H4, 05lw^-T«*:5l^ *^>-/Ul2A 
-1 2Cfr&©ttaf-*S*<D**M I SRI 4IZA 
*ANDy-h16A~16C|:J:^ ftX 
**>-/<X1 2A~1 2C^P><Dtfja : f-$«t. &X 
+ V>'/^12A-1 2C(=»*-r-6S I tT>1 5 A 
-1 SC^bOA^f- *£©te3Ii*£*mLT\ M I 
SRI 4K*tLTttJrtLTl*&o 

[0053] fip^ *smmi-ci* % x**>-axi 2 

tt. ^tSX+-V> wUl 2 A-1 2 CCDS I tf> 
1 5A~1 5C3^60i (A*T-i 50 £ "O" ICRS 
•*-&C£{Zj;y. 2tf&-f &AND^r— h 1 6A-1 6C 
A^bM I SRI 4^<&ttJ*|fii£ "0" irLT. X*V> 

• /*X 12A-12 Cj^bM I SR 1 4-x^T^ttffiO 
"T — $ A* A N D y — h 1 6A-1 6C1?7X^W 0 

[0054] COJ:5lw x S I tf>1 5A-1 5C05tt 

ISfilS^KS-r-SCibiCcky. X+-V>-/<X1 2 A 
-1 2C3^&^SttBOT-"*3b<K*US*i*a^(c. 

^O^SttffiOJf-^ ^ A N O h 1 6A-1 6CT 
77^t4CtA«-(?^ M I SR1 4|Zfc(t^ff|g7 J — 

LT. HSjZ^-TcfcaftX^-vV • T 1 ^ h • -r 

^ {08tf(D "U (Unknown)" ) A<M I SRI 4 left y 
i^^H^Cir^JS^xX h • 'W — XOittfiWlz-oi^X 

[005 5] ftfe. ®9-®1 II*, *jh,«U 08IZ 

*rx^-v> - h • ^r— s»i=»-r*. m^ nz*? 

X*^>IB, 01 8IZ^-TB I STIB, 04 (@ 

5) le^t**Hi£giJ<DlHlKle < fc^x-^B£t±l/^-> 
(^X K • ^) a)I5^$^LrL^-5 >0 0 9-01 
1 icfcivc. "N" l*SCKt:>fr5A**h*tff-f 

? • /<;UX<D^a^^fE^-$^L. sotr>A>e>nj*$ 



(9) 



**M¥8- 1 5 3 8 2 



[00 5 6] 0 9C:*-t<fc?l^ X**>B»-<M** X 

^^>t^y «j v -J • 7 p v y&#o)j<$ - >ie»3b< 

&®£ft£(DT, 08lC7nr^^rA'> ■ TO h ■ r-$ 

IttMRfcWtfttflDICft*. 
[O0 5 7] 01 0 9 B 

IftySLE&F [REPEAT (tftijfiUMtt) /REPEND (I* 
ySBLUT) ) £mi*&Ck\z*y % WBizmtX** 
> • 70 h • x-^l3^LTIi3tT-CT-X h • x-^fc 
ESt+idfc^-e**. 46. My£LE£? "REPEA 
r fc "REPEND" i:TB**ifc/<^->tt. II y SUE 
56* "REPEAT" 0ftfC&Sd;hfcBft*£ftayS£;h> 
tztzU VU&LtzXolz* Z<J)&5U?-$&&\z 

*y. 0 8i:^mt>- to h • ^-^^«a^Ltc 
misrh i=i*3fs« " u " *<n y c 

£lcft*4)-e* fx h • <t LT&m?Z>Zk\tV 
#ftl*. 

[0 0 5 8] Z*UC*f U *3IJI^<D0^-ett. 01 1 
«rEHyaBLIB»*t*fflr*Cfcl=J: 

y. a8\zm-tx**>- 70 h • i stir^Lr. 0 
9 c:* ufcx** >BBa>«& cfc y **fti* 7 ft-cfx 

h • T-*©Ei8A«Rr«=ft*. XBfcli* MISR1 
vt&®-efc£*<. X*<V> • 70 h • (7 u 

[0 0 5 9] (2i8|^-rx^r-V> • 70 h ■ f— $T? 
I*. 5*g(C7S<l A<X**> • 2 A~1 

S I t?>1 5A~1 5C^ffiI$ "0" KRgU A 
ND^f- M 6 A~1 6CA>t>M I SR1 4^<D(I£ 
"0" CLt, X*-V>-/<X1 2A-1 2 0^60)7 
£tt "U" *<#£?6AND?— h 1 6A-1 6Ct*7 

X2**i£ 0 5#sm^ii^Sffi-ci**^<o-e. fts i 
t?>i 5a~i scovtnm* "i" kksu x** 

>-/<X1 2A-1 2C3b^0)tiJ*7 r -^$M I SRI 
4lzA*-T^c C<D£* v Bl 1(c^-r<fc5lc, 

(i-4«t6-i 2#e) ways lb** 
[0060] sr. @6ic<fcyiir&Lfc&y, lfsr 

1 3t7-r-K/^*ft*0)W hU^X9 2 2T!«/£ 
S*U (f X h ■ nSO&S I 

e>l 5A~1 5C^b0A;&f--$i:A<«--feU^$ 1 
8A-1 8C£iILT&X*-v:/ • /<X1 2A-1 2C 
KA***t*. BEtf>1 7tf*V "0" 00 S-S I 
tf>1 5 A~1 5Ca>tt*<ft<fels9$ 18A-1 8CI- 
«fc ya«S*lT#X*^> ' 2A~1 2CICi/7 



K--f>**U BEtT>1 7A<*> "1" 0>m. LFS 
R1 3 0>ttiatf&-feU?9 i 8A-1 8C(Z«fcy»«* 
JlTfcX**:/ • /<X 1 2 A~1 2 CIO 37 h • -f>* 

[0061] a^iiBEe^i 7$t> - r tit, 

LFSR 1 3 A* 7 h • -f >LTl*< A<. * 
X**> • /U1 2 A~1 2C±0)HSfl)7»J^- 7 

?10 1i:d«4itH3lLfcl^ BEtf>17£ 
^■7 "0" ULT. fcS 1 e>i 5A-1 5C**&Bifl 

[0062) ATPGTIt LS I WSlalttOfc^-O 
£ LT. Sfci6©fX h • /< 

4 if ft b ft un» a * * -v > *t*a> 7^^. 
siw«jy«^^ctizcfcy, f^ct^ctfx k • 

a* tfflt^*Ci:(C-C B I ST»M0)fX h • f— 

^E^i**ft<r»t;(D-e, ittrotx h • ^-^jiti 

[0 0 6 3] ZCt, ^WMftWtLT, 01 2IC*-T 
J:5ftX + -V> • • f— ^ ^X^-V> • /<XJl<D# 

/<*->©ftrt«ii=o^riaw*"ft. ftfe. 01 2*. 

"DO", "D1 " liATPGfr^y^^tifcfflT? 

"o" *tz\t "i" ©i^r*t^-*i=#3E*#t*t,a>tf 
*<ofe<D "o" "i • -c3F-r«#i*aBt-cii 

#«*Tt,BBft^. 

[0 0 6 4] tfc, 01 3-01 51*. «i 

2 l^tx+t > • ^> ■ t — ^ \z*t+ 0 1 7 \zm 
•tx^-^XeiK, 01 8(c^-TB I STIeIB, 04 <0 
6) lc^-r*SUfe^O)(pj»|-j:^^— 9 
(fX h • X— 9) a)E^«>I^*LTl^So 01 3(C^ 

■T<t5l^ x+-v>lel»t?li. x*-v>f k*7'J*^ 

• 7P^^a^(D^9->E^3b<^tft-50!)-e. 01 
2(Z^-TX^r^> . ^ > - f-SlZftL-Ctel 2^f 
X h • f-9^E^^tli»o C<0*^ ffll^ 

r^Stofil "oo (o) • , "Did)" *K$-T4 

• /*x±o yyy?*yay zfmtmitox & < ft£0 
r*. fOfx h • •x-^tt^iz^ft^axzft^o 

[0 0 6 5] 01 4fc*ir*5'ir, B I STB**!*, 
HySLE»* CREPEAT/REPENDD $B^fiC^(C,fc 
y. 01 2|r^-rx^r^> ■ > • -r— 9l=»LTtt3 
ff-CT- X h - T-9SEi*-r*Cfc*^*4. ftfc\ IS 
L J S LEiS* "REPEAT" , "REPEND" (D«ffi(i0 1 O \Z 



(10) 



8-1 5 3. 8 2 



•^iznLx^om "do (o) n t w d 1 d ) n * 

&&+hZttfV&-f, L FSR 1 3\Z±l)%£.21xtz 

&$i%L»t>w&2ti*>tzib. *tft&Lfcttft*Btti-e* 

[0 0 6 6] CtilCttU aBKBOBBlH*. Hi 5 

y* hi 2ic^-rx+Y>- • t-^ii^lt. 0 

X h • x-£<&Ei*tf^tel::fc&<> 01 2|:ifX+t 

arc ;r ^ig:3eL^tt*t«?5:t>^t^(D-c. 4 
t^ssgo)^-^ k • -r^-r -sBsicii, b e tf > 

1 7£*:7 "O" l=RSU "tU^ISA-ISC* 

s i e>i 5a-i scBi=«y*iu CCD s i e>i 
5 a~i 5cA^»s$4xfcfii -o"u<irr ^ 
&x**> ■ 2A-1 2c^n^v^ h • >-r 

So 

[0067] -t(Dffea)«p^rii. »imia«->7 h • -r> 

£ft*U2&l*tDT?. B E tf > 1 7SW> "1" \ZVL 
SL, i!l/^^18A~18C$LFSR1 3fl(C«Qy 

X + -V> «/<X1 2 A~1 2C^v7 h • -f >LTl* 
£o Ca>££* 01 5lC^r«fc5f^ 0 (1 

-3#ai:6-i 2#@) ttny3RLE3e^*fflt^r* 

[0068] ZO^oiZLX. B'ISTBft + IC % BE 
tf>1 7 3b^O««A#(=J:y#^U^^ 18A-18 
C£&S I tf> 1 5A~1 SCBdfflyBiL &S I fcf 
>1 5A-1 5 Cfr bffifcO>{I{Cg££ Ltz?-$ £&X 
^>-/Ul2A-1 2C^7.T#tat;Ci:(wJ: 
oT, LFSR13^b#X^rt>-;Ul2A-12 

[0069] {3& (LS I ) 1 OCDrtSPlHlKl 1 

♦KfcttiWBEBB* ls i o>ASEflx?ttBa& 

ABiztt^SttB-efc*©*. b i ST£frfc5iitriri*j 
*Ett»?a>ttBatt»1k£fT&3£t. Ml 

SR14T-I*. OUvO^^i 1 @flllO-r4»l=->7 h 

UvX^2 2/><i/:7 HfiftLT-tOrtlE^MSS^H, A 
«E«*T©to»<b/<*->fiPln*-e*-DTtHBf*«fT 
ftfeti*. -Hl3^^-r-<<s IMfcLfc*?!::* atp 

G^Py^AliM I SRI 4tDA§£^-$-f &{&^# 

fey. a«tflMti=&«. 

[0 0 7 0] ^CIT\ **K«|-Ctt. 04, BS-lCiM" 
&5\Z S B E tf > 1 7$&S I tf>1 5A~1 SCk& 
X*V> 2A-1 2C^&(DUAir— ' Zktt 

|C*AND>f— h 1 6 A~1 6CfcA*U Z ft 
3IS£M I SRI 4<Z>#*>7 KUi?X* 2 2^ffl2)LT 



L**. CtllC^y. Ml SR1 4(Dv7 hUvX* 2 2 
££T "0" (CtDXIHtLTfclttf, BEe>1 7^©« 
»flW*3fT7 "0" \Zt^>ti\ S I e>1 5A~1 5C 
^0>A2lT— *£±T "0" f M I SR 1 4 A 

C0±T<0i/7 h Ui/X£ 2 2 (DF*J§£ "0" Icftfcr* 

[007 1 ] BtteOHBi OtLTO^fAil^ t 
L<l*. X*-V>lltta)Ji*|ztt % B E tf > 1 7ICA2) 
£ft$tt»fl#(**:7 "0" izttoTUiOT. M I S 
R1 4 Aflfti/? KUvX* 2 2 0>A&li "0" 
£*l&o B I ST B I STBftfcli 

Hffftl^#S I tf>1 5A-1 5C^OA*f-^i 
T "0" \Z-f&Z tV. M I SR 1 4W0fti/7 h Ui? 
X$2 2<DAS£ "O" lr«»-C*-So 

[0 0 7 2] 2*\Z. B I ST«ftl=5feAOtt«Ht*lr 
I*. BEtf>1 7^©WilMl#*3j-7 "0" IzflMW* 
Cir-C. Ml SRI 4rt(D*-i/:7 hUi/X$2 2 0|*m 
* "0" dft&f&o ttoT, B I STWlf^Wia) 

fiJ8<b+Kfcl>T* ftX^>-;Ul 2A-1 2CA* 
?)MISR1 4^<Dtil*-r— ^M#ANDV- h 1 6 A 
- 1 6 ClCfc^TTX^ £*U M I S R 1 4 a>tDBB£ 
6 CfcA^WISlCfty, M I SRI 4<&fl§jbWS 
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(54) CIRCUIT INCORPORATING SELF TEST FUNCTION 

(57)Abstract 

PURPOSE: To prevent a compressed data from having an indeterminate 
value by a constitution wherein a data in indeterminate state is masked at a 
logic gate and a data compressor takes in the data in indeterminate state. 
CONSTITUTION: When the internal circuit 1 is subjected to self test 
output data from a plurality of scan paths 2 previously formed on the circuit 
1 is fed through a logic gate 6 to a data compressor 4 and stored therein 
while being compressed. A scan in pin 5 provides a data to the path 2 and 
the gate 6 provided for each path 2 performs logical operation on the 
output data from the path 2 and an input data from the pin 5 corresponding 
to the path 2. When the indeterminate data on the path 2 is read into the 
compressor 4, input data from the pin 5 is set at a value for masking the 
indeterminate data and the gate 6 can mask the indeterminate data. This 
constitution can prevent the compressed data from becoming indeterminate 
in the compressor 4. 
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Partial Translation of JP8- 153 82 
[0017] 

(Problems to be solved by the invention) 

Nonetheless, a weak point of BIST testing is that test reliability cannot be easily 
calculated. Normally, test reliability for LSI circuits is calculated as the failure diagnosis 
rate given by (number of failures detected) / (total number of failures) x 100%. To 
determine the number of failures detected, it is necessary to run failure simulations 
making use of test patterns and a model of the LSI under test. In particular, in a BIST 
pattern generator, an LFSR or other pseudo-random number generator is used, but to 
obtain a sufficiently high failure diagnosis rate, a considerable number of huge patterns is 
necessary. Generally, failure simulation takes a very long time, and evaluation of the 
huge patterns applied in BISTs incur very high production costs. 

[0018] 

Further, a MISR is generally used in BIST data compactors, and because MISR is 
composed of a shift register with feedback through XOR gates (see Fig 5 described 
below), once any unknown value is read into a data compactor such as a MISR, all of the 
compressed data (the whole shift register) becomes unknown state data, and reading out 
the compressed data stored in the MISR becomes meaningless. 



[0019] 



Generally, because internal storage elements in an LSI circuit at power-up are in 
unknown state, before running BISTs, one must invariably reset the states of the internal 
memory elements, run scans, etc, to establish definite values not of unknown state. 
However, among internal memory elements there are some that cannot be initialized with 
a simple procedure; applying BISTs to the kind of LSI circuits containing such elements 
requires special attention. 

[0020] 

Further, because contents are updated once every clock cycle in data compactors (and in 
particular in data compactors like MISRs), including during pattern initialization of the 
internal storage elements, the contents of the MISR are destroyed, so that the test pattern 
generation program is required to monitor the MISR contents, which can be a vexatious 
task. 

[0021] 

Moreover, in typical test data, the number of lists of values applied to the multiple 
external input pins that needs to be described is equal to the number of patterns. 
Consequently, the test data for large scale LSI circuits [sic] becomes enormous (for 
example, see Figs 9 and 13 described below). In contrast, BIST test data is described 
only by the number of clock signals used to drive the BIST (For example, see Figs 10 and 
14 described below), which is extremely advantageous from the point of view of 
computing resources or load time of test data output to the testing device. However, as 
described above, test data generated using only BIST is lacking in versatility, and to 



achieve a satisfactory diagnosis rate, huge patterns are necessary. Additionally, an extra 
circuit and extra test patterns are needed for initialization of internal storage elements. 

[0022] 

Another problem is that in some cases it is desirable to concretely stipulate certain values 
to be set or shifted in by means of a special circuit on the (LSI or other) circuit under test, 
but in existing BISTs, since only pseudo-random numbers generated by the pattern 
generator are applied, one can't arbitrarily set or shift in values by means of a specific 
circuit, and fixing values as described above is impossible. 

[0023] 

Since the present invention was conceived in light of this kind of problem, in addition to 
allowing for reliable and simple self-teste by preventing reading unknown state data into 
the data compactor and preventing the content of the data compactor from being 
destroyed during initialization, combining a scan mode and a BIST mode makes possible 
production of compact and efficient test data while aiming at offering a BIST circuit with 
improved efficiency self-tests and reductions in design costs and in computing resources 
expended during design of LSI or other circuits. 

[0024] 

(Method of solving problems) 

In Fig 1, a schematic block diagram of the first invention, 1 is an internal circuit with set 
functionality which should self-test. In internal circuit 1, in addition to the multiple pre- 



formed scan busses 2, a data compactor 4 is built in which compresses and stores the 
output data of each scan bus 2. 

[0025] 

Further, 5 are the scan-in pins which supply data to scan busses 2, and 6 are logic gates 
corresponding to each scan bus 2. Each logic gate 6 performs a logic operation on the 
output from the respective scan bus 2 and on the input from the scan-in pin 5 that 
corresponds to said scan bus 2. In the first invention, when unknown state data from scan 
bus 2 is propagated to data compactor 4 via logic gate 6, the unknown state data is set to a 
mask value in logic gate 6 (Claim 1). 

[0026] 

Further, at data read-out from scan busses 2, when the data read-out pattern which 
encompasses input data from each scan-in pin 5 ocurrs consecutively as the same kind of 
pattern, that pattern and a repetition count can be used as a data description (Claim 2). 
Also, external input pin 7 is supplied for input of a mode-switch signal for changing 
between scan mode, corresponding to the scan bus, and self-test mode, which utilizes 
data compactor 4; the same mode-switch signal from external input pin 7 is connected to 
logic gate 6. During initialization of internal circuit 1 , by switching to scan mode via the 
mode-switch signal from external input pin 7, output data from each scan bus 2 to data 
compactor 4 can be masked in logic gate 6 (Claim 3); alternatively, a blocking means 
may be supplied to block input of the clock signal to data compactor 4 during 
initialization of internal circuit 1 (Claim 4). 



[0034] 

(Operation of the Invention) 

In the BIST circuit of the first invention described above, by suitably setting the state of 
external input pin 7, when unknown state data is read out from a scan bus 2, the unknown 
state data can be masked by logic gate 6, and the compressed data in data compactor 4 is 
prevented from assuming undefined values. (Claim 1) 

[0035] 

Further, when patterns for data read-out from scan busses 2 ocurr as the same kind of 
pattern in sequence, that pattern and a repetition count can be used as a compact data 
description (Claim 2). Further, by supplying the mode-switch signal from external input 
pin 7 to logic gate 6, during initialization of internal storage components etc in internal 
circuit 1, by means of changing the mode-switch signal from external input pin 7 to scan 
mode, output data from scan busses 2 to data compressor 4 is masked in logic circuit 6, 
and the initial values of data compactor 4 can be preserved, and during the initialization 
of internal-circuit 1 , the contents of data compactor 4 can be prevented from being 
destroyed (Claim 3). 

[0036] 

In addition, during initialization of internal circuit 1, by blocking input of the clock signal 
to data compactor 4 with a blocking means and thereby stopping propagation of the clock 



signal to data compactor 4, the contents of data compactor 4 can be preserved, and the 
destruction of data compactor 4 contents can thus be prevented during initialization of 
internal circuit 1 (Claim 4). In the above-described BIST circuit of the second invention. 
when switching selectors 8 are set to the input from the pattern generator by means of a 
mode-switch signal from external input pin 7, self-tests are carried out, but during this 
self-testing, if selectors 8 are switched back to scan-in pins 5 by means of a mode-switch 
signal from external input pin 7, arbitrarily determined values are fed into scan busses 2 
from scan-in-pins 5. Thus, a part of test patterns relayed from pattern generator 3 to each 
scan bus 2 can be modified to arbitrary values (Claim 5). 

[0037] 

Moreover, when pattern data to be written to scan busses 2 successively forms the same 
type of pattern, it can be described compactly using that pattern and a repetition index 
(Claim 6). In the above-described BIST circuit of the third invention, when switching 
selectors 8 are set to the input from the pattern generator by means of a mode-switch 
signal from external input pin 7, self-tests are carried out, but during this self-testing, if 
selectors 8 are switched back to scan-in pins 5 by means of a mode-switch signal from 
external input pin 7, arbitrarily determined values are fed into scan busses 2 from scan-in- 
pins 5. Thus, a part of test patterns relayed from pattern generator 3 to each scan bus 2 
can be modified to arbitrary values. 



[0038] 



On the other hand, by appropriately setting the state variable of scan-in pin 5 during self- 
test mode, unknown state data read in from scan bus 2 can be masked at logic gates 6, 
and compressed data in data compactor 4 can be prevented from assuming unknown 
states. Moreover, during initialization of internal memory storage and other components 
of internal circuit 1, by changing the mode-switch signal from external input pin 7 to scan 
mode, the output data from scan busses 2 to data compactor 4 is masked in logic gate 6, 
and the initial values of data compactor 4 can be preserved and the destruction of data 
compactor 4 contents can be prevented during initialization of internal circuit 1 (Claim 7) 

[0039] 

Furthermore, when patterns for data read-out from scan busses 2 and patterns for data 
output to scan busses 2 of the same kind occur in sequence, that pattern and its repetition 
index can be used as a compact data description (Claims 8, 9). In addition, during 
initialization of internal circuit 1, by blocking input of the clock signal to data compactor 
4 with a blocking signal and thereby stopping propagation of the clock signal to data 
compactor 4, the contents of data compactor 4 can be preserved, and the destruction of 
data compactor 4 contents can thus be prevented during initialization of internal circuit 1 
(Claim 10). - . . 

[0040] 

Further, by having a scan chain comprising pattern generator 3 and data compactor 4 as 
one chain in a boundary scan, and by means of a design in which an instuction code for 
signaling shift-in / shift-out and BIST modes of that scan chain is designated in advance 



as an instruction register mode code, the present invention can be applied in a boundary 
scan circuit (Claim 1 1). 

[0041] 

[Preferred embodiments] 

Below, some preferred embodiments of the present invention are explained with 
reference to the diagrams. Fig. 4 is a block diagram showing the composition of a BIST 
which is a preferred embodiment of the present invention. In Fig 4, circuit 10 is the LSI 
(or other) circuit of the present preferred embodiment, and 1 1, being an internal circuit of 
set functionality in circuit 10, is composed of multiple circuit components like flip-flops. 

[0042] 

Further, in order to make possible self-testing of internal circuit 1 1, multiple (in the 
diagram, three) scan busses 12A-12C are pre-formed on circuit 10, and each scan bus 
12A-12C connects multiple (in the diagram, five) flip-flops 101 in a chain configuration. 
Also on circuit 10, in addition to supplying as external input pins scan-in pins (SI pins) 
15A-15B for sending test data (test patterns) to each scan bus 12A-12C, scan-out-pins 
(SO pins) 19A-19C for shifting out output data from each scan bus 12A-12C and a scan- 
clock pin (SCK pin) 20 which inputs the clock signal for driving circuit 10, a BE (BIST 
Enable) pin 17 is also supplied as an external input pin to input the mode-switch signal 
for performing the switch between a scan bus 12A-12C scanning mode and a self-test 
(BIST) mode. Furthermore, the clock signal input from SCK pin 20 is input into the 
clock terminal of every flip flop 101 on circuit 10. 



[0043] 

Additionally, 13 is the LFSR (pattern generator) built into circuit 10 that produces test 
patterns to be input into each scan bus 12A-12C, and 14 is the MISR (data compactor) 
built into circuit 10 that compresses and stores the output data of each scan bus 12A-12C. 
Here, LFSR 13 and MISR 14 comprise multiple shift registers 22 with feedback via 
multiple XOR gates 21, as shown in Figs 5 and 6. The clock signal from SCK pin 20 
drives shift registers 22 to perform shifts. Also, as shown in Fig 4, LFSR 13 is connected 
to scan-in pin (SI pin) 15, and MISR 14 is connected to scan-out pin (SO pin) 19 [sic: in 
Fig 6, SO pins are 16]. 

[0044] 

Meanwhile, as shown in Figs 4 and 5, the output lines of each scan bus 12A-12C are 
connected to SO pins 19A-19C, and also to XOR gates 21 in MISR 14 via their 
respective AND gates 16A-16C. Each AND gate 16A-16C receives as input the output 
of its respective scan bus 12A-12C, the input signal from the SI pin 15A-15C of that bus 
12A-12C, and the mode-switch signal from BE pin 17 (which is set to "0" during scan 
mode and to "1" during self-test mode). The logical conjunction of these is input into 
XOR gates 21 in MISR 14. 

[0045] 

Also, as shown in Figs 4 and 6, the input line of each scan bus 12A-12C is connected to 
SI pins 15A-15C via their respective selectors 18A-18C, and also to LFSR 13. In 



response to the mode-switch signal, selectors 18A-18C switch the input of scan busses 
12A-12C either to SI pins 15A-15C, or to the LFSR 13 test patterns. In short, when the 
mode-switch signal from BE pin 1 7 is set to scan mode, each selector 1 8A-1 8C routes 
[data from] each SI pin 15A-1 5C into its respective scan bus 12A-12C, but when it is set 
to BIST mode, the test patterns from LFSR 1 3 are fed into the scan busses. 

[0046] 

In the BIST circuit of the present invention, by means of the above design, by setting the 
mode-switch signal of BE pin 17 to off ("0"), in addition to selectors 18A-18C switching 
to the SI pins 15A-15C, the output from each AND gate 16A-16C to MISR 14 is set to 
"0," and the scan operation is carried out in scan busses 12A-12C of circuit 10. 

[0047] 

In other words, during scan mode, flip-flops 101 on each scan bus 12A-12C act as shift 
registers, and driven by the clock signal supplied by SCK pin 20, the values assigned to 
each SI pin 15A-15C are shifted via selectors 18A-18C in order into the following flip- 
flop 101 of each scan bus 12A-12C. At the same time, the values of flip-flops 101 on 
each scan bus 12A-12C -are shifted out in order into the respective SO pin 19A-19C. 

[0048] 

On the other hand, by setting the mode-switch signal of BE pin 17 to on ("1"), the BIST 
operation is carried out for each scan bus 12A-12C on circuit 10, where in addition to 
each selector 18A-18C switching to LFSR 13, the output from each AND gate 16A-16C 



to MISR 14 is the logical conjunction of the output data from the scan bus 12A-12C and 
the input data from the SI pin 15A-15C corresponding to each scan bus 12A-12C. 

[0049] 

In other words, during BIST mode, LFSR 13 generates pseudo-random numbers which 
are fed through flip-flops 101 on scan busses 12A-12C. Flipflops 101 on scan busses 
12A-12C work as shift registers. Driven by the clock signal supplied via SCK pin 20, the 
values fed into scan busses 12A-12C are shifted in order into the following flipflip 101 
via selectors 1 8 A- 1 8C. 

[0050] 

Also, at the same time, the values of flip-flops 101 on each scan bus 12A-12C (output 
data) are shifted out in order, and once the logical conjunction of [said values] and of the 
input data from SI pins 15A-15C corresponding to each scan bus 12A-12C is computed 
by AND gates 16a-16C, it is compressed and stored in MISR 14. Finally, by reading out 
the data compressed and stored in MISR 14 from SO pin 19, a fault analysis of LSI 
circuit 10 can be carried out. 

[0051] 

At this time, in typical ATPG (Automatic Test Pattern Generation) system, it is not 
necessary to initialize all internal memory, and in some cases unknown states may appear 
in the output data from scan busses 12A-12C. As shown in Fig 5, MISR 14 is composed 
of feedback shift registers 22, and output data from each scan bus 12A-12C passes 



through XOR gates 21 and is compressed in shift registers 22 in MISR 14. However, as 
mentioned above, when an unknown state appears in the output data from scan busses 
12A-12C, since XOR gates 21 are used, the unknown state is read into shift registers 22 
without modification, and moreover, because of the feedback loop present, once one shift 
register 22 is of unknown state, all shift registers 22 will end up in unknown state. 

[0052] 

At this point, in BIST mode of the present preferred embodiment as shown in Figs 4 and 
5, the output data from each scan bus 12A-12C is not fed directly into MISR 14: By 
means of AND gates 16A-16C, the logical conjunction is computed of the output data 
from each scan bus 12A-12C and the input data from the SI pin 15A-15C corresponding 
to each scan bus 1 2 A- 1 2C, and only then output to MISR 14. 

[0053] 

In other words, in the present preferred embodiment, when output data from scan busses 
12A-12C is of unknown state, by setting values (input data) from the SI pin 15A-15C 
corresponding to each scan bus 12A-12C to "0," the value output to MISR 14 from the 
corresponding AND gate 16A-16C is also set to "0," so any unknown state data from 
scan busses 12A-12C output to MISR 14 is masked by AND gates 16A-16C. 

[0054] 

In this way, by appropriately setting the state values of SI pins 15A-15C, when unknown 
state data is read out from scan bus 12A-12C, that undefined state data can be masked by 



AND gates 16A-16C, and the compressed data in MISR 14 is reliably prevented from 
assuming unknown values. As a concrete example, given the scan-out data shown in Fig 
8, an example will be explained of the construction of a test pattern according to the 
present invention in which unknown state data (in Fig 8 "U (Unknown)" ) is not read into 
MISR 14. 

[0055] 

Figs 9 through 1 1 all show examples of read-out pattern descriptions (test data) that refer 
to the scan-out data shown in Fig 8 and are based on the scan circuit shown in Fig 17, the 
BIST circuit shown in Fig 18, and the circuit of the present preferred embodiment shown 
in Fig 4 (Fig 5). In Figs 9 through 1 1, "N" refers to a negative pulse clock signal input 
from the SCK pin, and "X," as data output from the SO pin, signifies output not of 
unknown state, i.e. "1" or "0." 

[0056] 

In the scan circuit, as many pattern descriptors are required as there are flipflops to be 
scanned, so for the scan-out data in Fig 8, the test data description requires 12 lines, as 
shown in Fig 9. Because the number of flip flops on one scan bus on a large scale LSI 
circuit [sic] is extremely large, its test data becomes enormous. 

[0057] 

As shown in Fig 10, by using the repetition tags REPEAT (begin repeat) and REPEND 
(end repeat) in a BIST circuit, the scan-out data shown in Fig 8 can be described in 3 



lines of test data. Moreover, the pattern enclosed by the repeat markers REPEAT and 
REPEND is only repeated the number of times designated after the repetition tag 
REPEAT. However, as described above, when processing the scan-out data shown in Fig 
8 with this kind of data description, the unknown value "U" is read into MISR 14 and 
[this data description] can't be used as test data. 

[0058] 

In contrast, in the circuit of the present preferred embodiment, as shown in Fig 1 1, by 
utilizing the previously discussed repetition tags, a test data description corresponding to 
the scan out data shown in Fig 8 is possible in seven rows, smaller than that of the scan 
circuit [test data description] shown in Fig 9. In reality, some pattern for external output 
in MISR 14 of the compressed data is necessary, but compared with the scan-out pattern 
(of several to several thousand flip-flops), [the size of this scan-out pattern] is negligible. 

[0059] 

In the scan-out data shown in Fig 8, because the fifth value output from scan busses 12A- 
1 2C is undefined value "U," in the fifth pattern, by setting the state value of the 
corresponding SI pin 15A-15C to "0," the value from AND gates 16A-16C to MISR 14 is 
"0," and the undefined value "U" from scan bus 12A-12C is masked by the 
corresponding AND gate 16A-16C. Because no values except the fifth are undefined, 
each state variable of SI pins 15A-15C is set to "1," and the output data of scan bus 12A- 
12C is input to MISR 14. Then, as shown in Fig 1 1, the identical patterns (1st - 4th and 
6th - 12th values) can be grouped together using the repetition tags. 



[0060] 

Summarily, as described above with reference to Fig 6, LFSR 13 is composed of 
feedback shift registers 22. Their output (the test pattern) and the input data from each 
external SI pin 15A-15C are input to scan busses 12A-12C via selectors 18A-18C. When 
BE pin 1 7 is set to off ("0"), the values from each SI pin 1 5A-1 5C are selected by 
selectors 1 8A-1 8C and are shifted into scan busses 12A-12C. When BE pin 17 is set to 
on ("1"), the output of LFSR 13 is selected by selectors 18A-18C and shifted into scan 
busses 12A-12C. 

[0061] 

Normally BE pin 17 is set to "1" and output from LFSR 13 is shifted in, but when One 
wants to clip a certain flip-flop on scan busses 1 2A-1 2C, or set that flip-flop to a 
particular value, BE pin 17 is set to off "0," and the desired data can be shifted into each 
SIpinl5A-15C. 



[0088] 

In the above-described preferred embodiment, the specific case of using MISR 14 as a 
data compactor for LSI (circuits 10, 30) expected-output analysis by means of BIST was 
explained. However, the present invention, not limited to that case, can also be applied to 
analysis methods other than MISR, for example 1) Transition Count Method (which 



analyzes the number of transitions from "1" to "0" and from "0" to "1"), or 2) Syndrome 
Method (l's counting: method analyzing the number of 'T"s appearing in the output). 

[0089] 

[Effect of the invention] 

As described in detail above, by means of the BIST circuit of the present invention, when 
unknown state data is scanned into the data compactor, the compressed data in the data 
compactor is reliably prevented from assuming unknown states, and self-tests can be 
reliably carried out (Claims 1, 7). 

[0090] 

Further, during internal circuit initialization, data in the data compactor can be preserved, 
the contents of data compactor can be reliably prevented from being destroyed, and 
there's no need for vexatious monitoring of data compactor contents, so that self-tests can 
be carried out simply (Claims 3, 4, 7, 10). Moreover, by combining a scan mode and a 
self-test mode, apart from being able to change parts of the test pattern from pattern 
generator 3 fed to each scan bus 2 to arbitrary values (Claims 5, 7), compact, efficient 
and versatile data can be created (Claims 2, 6, 8, 9), so that self-tests become more 
efficient, and computer resources and design costs can be greatly reduced during design 
of LSI and other circuits. 



[0091] 



Moreover, in addition, [the invention] can also be adapted to circuits using the boundary 
scan method, and in this case, too, the same effects as described above can be obtained 
(Claim 11). 
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Block diagram showing an example in which the pre sent invention of 
adapted to an LSI using the boundary scan method . 




Block diagram showing a conventionai BIST^ype circuit 
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Figl 

Schematic block diagram of 1st invention 




1 - Internal Circuit 
5 -Scan-in pins 

6 - Logic gates 

7 r External input pins 



Fig 2 

Schematic block diagram of 2nd invention 
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Fig 7 

Block diagram showing an example of the clock-stopping . 
circuit (blocking means) of the present preferred 
embodiment and the parts relaxed to said circuit. 




Fig 8 

Diagram showing an \ 
example, of scan-out data 
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Fig 11 

Diagram showing an example of a data read-oil 
: pattern of the present preferred embodiment 
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Diagram showing an example of data write-out 
p attem of the present preferred embodiment 
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Fig 9 

Diagram showing example, of a data re ad-out 
pattern based-on,a'c onventional scan circuit 
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•pia^am"5hb^^W example 
of scan-ih data 
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tiiagram showing an example of data writerout pattern based on av 
convcnlibnal scan circuit ' 
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Figl? 

; Bio ck diagram showing an example of the. structure; of a 
conventional scan circuit 
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